(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

Internationa] Bureau 




(43) International Publication Date 
17 July 2003 (17.07.2003) 



PCT 



(10) Internatioual Publication Number 

WO 03/058335 A2 



(51) International Patent Classification 7 : G02F 1/167 

(21) International Application Number: PCT/US02/41821 

(22) International Filing Date: 

31 December 2002 (31.12.2002) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

60/345,936 



3 January 2002 (03.01 .2002) US 



(71) Applicant: SIPIX IMAGING, INC. [US/US]; 1074 Mon- 
tague Expressway, Milpitas, CA 95035 (US). 

(72) Inventors: WU, Zarng-Arh, George; 2390 Lucretia Av- 
enue #509, San Jose, CA 95122 (US). CHEN, Huiyong, 
Paul; 1364 Cutforth Court, San Jose, CA 95132 (US). 
HSU, Wan, Peter; 41259 Norman Court, Fremont, CA 
94539 (US). YU, Rongchi; 1 1 Henderson Road, Glenmont, 
NY 12077 (US). ARMOUSH, Mahmoud-Zohdi; 2245 
Deborah Drive #4, Santa Clara, CA 95050 (US). LIANG, 
Rong-Chang; 20142 Pacifica Drive, Cupertino, CA 95014 
(US). 



(81) Designated States (national): AE, AG, AL, AM, AT (util- 
ity model), AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (util- 
ity model), DE, DK (utility model), DK, DM, DZ, EC, EE 
(utility model), EE, ES, FI (utility model), H, GB, GD, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, 
SD, SE, SG, SK (utility model), SK, SL, TJ, TM, TO, TR, 
TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SI, SK, 
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR,-NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(74) Agent: CHOW, Y., Ping; Heller, Ehrman White & 
McAuliffe LLP, 275 Middlefield Road, Menlo Park, CA 
94025-3506 (US). 



< 

If) 

m 

^ (54) Title: A NOVEL ELECTROPHORETIC DISPERSION WITH A FLUORINATED SOLVENT AND A CHARGE CONTROL- 

00 LING AGENT 

IT) 

O 

(57) Abstract: The invention relates to a novel electrophoretic dispersion comprising a fiuorinated solvent as the continuous phase, 
£^ charged pigment particles or pigment containing microcapsules as the dispersed phase, and the charge of the pigment particles is 

provided by a charge controlling agent comprising: (i) a soluble fiuorinated electron accepting or proton donating compound or 
Q polymer in the continuous phase and an electron donating or proton accepting compound or polymer in the dispersed phase; or (ii) 

a soluble fiuorinated electron donating or proton accepting compound or polymer in the continuous phase and an electron accepting 
^ or proton donating compound or polymer in the dispersed phase. 



WO 03/058335 



PCTAJS02/41821 



A NOVEL ELECTROPHORET1C DISPERSION WITH A FLUORINATED 
SOLVENT AND A CHARGE CONTROLLING AGENT 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 

5 This invention relates to an electrophoretic dispersion that comprises 

charged pigment particles dispersed in a fluorinated dielectric solvent and a 
charge controlling agent. The dispersion may be used in all types of 
electrophoretic displays including transmissive, reflective and transflective 
displays which may have the traditional up/down switching mode, the in-plane 

10 switching mode or the dual switching mode. 

b) Description of Related Art 

The electrophoretic display (EPD) is a non-emissive device based on the 
electrophoresis phenomenon influencing charged pigment particles suspended 
in a colored dielectric solvent This general type of display was first proposed in 

15 1969. An EPD typically comprises a pair of opposed, spaced-apart plate-like 
electrodes, with spacers predetermining a certain distance between the 
electrodes. At least one of the electrodes, typically on the viewing side, is 
transparent. For the passive type of EPDs, row and column electrodes on the 
top (the viewing side) and bottom plates respectively, are needed to drive the 

20 displays. In contrast, an array of thin film transistors (TFTs) on the bottom plate 
and a common, non-patterned transparent conductor plate on the top viewing 
substrate are required for the active type EPDs. An electrophoretic fluid 
composed of a colored dielectric solvent and charged pigment particles 
dispersed therein is enclosed between the two electrodes. 

25 When a voltage difference is imposed between the two electrodes, the 

pigment particles migrate by attraction to the plate of polarity opposite that of 
the pigment particles. Thus, the color showing at the transparent plate, 
determined by selectively charging the plates, can be either the color of the 
solvent or the color of the pigment particles. Reversal of plate polarity will 

30 cause the particles to migrate back to the opposite plate, thereby reversing the 
color. Intermediate color density (or shades of gray) due to intermediate 
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pigment density at the transparent plate may be obtained by controlling the 
plate charge through a range of voltages. 

To view a reflective EPD, an external light source is needed. For 
applications to be viewed in the dark, either a backlight system or a front pilot 

5 light system may be used. A transflective EPD equipped with a backlight 
system is typically preferred over a reflective EPD with a front pilot light 
because of cosmetic and light management reasons. However, the presence of 
light scattering particles in traditional EPD cells greatly reduces the efficiency of 
the backlight system. A high contrast ratio in both bright and dark environments 

10 therefore is difficult to achieve for traditional EPDs. 

A transmissive EPD is disclosed in US Patent No. 6,184,856 in which a 
backlight, color filters and substrates with two transparent electrodes are used. 
The electrophoretic cells serve as a light valve. In the collected state, the 
particles are positioned to minimize the coverage of the horizontal area of the 

15 cell and allow the backlight to pass through the cell. In the distributed state, the 
particles are positioned to cover the horizontal area of the pixel and scatter or 
absorb the backlight. However, the backlight and color filter used in this device 
consume a great deal of power and therefore are not desirable for hand-held 
devices such as PDAs (personal digital assistants) and e-books. 

20 EPDs of different pixel or cell structures have been reported previously, 

for example, the partition-type EPD (M.A. Hopper and V. Novotny, IEEE Trans. 
Electr. Dev., 26(8):1 148-1 152 (1979); and the microencapsulated EPD (US 
Patent Nos. 5,961 ,804 and 5,930,026). However, both types have their own 
problems as noted below. 

25 In the partition-type EPD, there are partitions between the two electrodes 

for dividing the space into smaller cells in order to prevent undesired movement 
of the particles such as sedimentation. However, difficulties are encountered 
and they include formation of the partitions, filling the display with an 
electrophoretic fluid, enclosing the fluid in the display and keeping the fluids of 

30 different colors separated from each other. 

The microencapsulated EPD has a substantially two dimensional 
arrangement of microcapsules each having therein an electrophoretic 
composition of a dielectric fluid and a dispersion of charged pigment particles 
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that visually contrast with the dielectric solvent. The microcapsules are typically 
prepared in an aqueous solution, and to achieve a useful contrast ratio, their 
mean particle size is relatively large (50-150 microns). The large microcapsule 
size results in poor scratch resistance and a slow response time for a given 

5 voltage because a large gap between the two opposite electrodes is required 
for large capsules. Also, the hydrophilic shell of microcapsules prepared in an 
aqueous solution typically results in sensitivity to high moisture and temperature 
conditions. If the microcapsules are embedded in a large quantity of a polymer 
matrix to obviate these shortcomings, the use of the matrix results in an even 

10 slower response time and/or a lower contrast ratio. To improve the switching 
rate, a charge-controlling agent (CCA) is often needed in this type of EPDs. 
However, the microencapsulation process in an aqueous solution imposes a 
limitation on the type of CCAs that can be used. Other drawbacks associated 
with the microcapsule system include poor resolution and poor addressability 

1 5 for color applications. 

An improved EPD technology was recently disclosed in co-pending 
applications, US Serial Number 09/518,488, filed on March 3, 2000 
(corresponding to WO 01/67170 published on September 13, 2001), US Serial 
Number 09/759,21 2, filed on January 1 1 , 2001 (corresponding to 

20 WO02/56097), US Serial Number 09/606,654, filed on June 28, 2000 

(corresponding to WO02/01 281 ) and US Serial Number 09/784,972, filed on 
February 15, 2001 (corresponding to WO02/65215), all of which are 
incorporated herein by reference. The improved EPD comprises isolated cells 
formed from microcups of well-defined shape, size and aspect ratio and filled 

25 with charged pigment particles dispersed in a dielectric solvent. The filled cells 
are individually sealed with a polymeric sealing layer, preferably formed from a 
composition comprising a thermoset or thermoplastic precursor. 

The microcup structure enables a format flexible and efficient roll-to-roll 
continuous manufacturing process for the EPDs. The displays can be prepared 

30 on a continuous web of a conductor film such as ITO/PET by, for example, (1 ) 
coating a radiation curable composition onto the ITO/PET film, (2) making the 
microcup structure by a microembossing or photolithographic method, (3) filling 
the microcups with an electrophoretic fluid and sealing the microcups, (4) 
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laminating the sealed microcups with the other conductor film and (5) slicing 
and cutting the display into a desirable size or format for assembling. 

One advantage of this EPD design is that the microcup wall is in fact a 
built-in spacer to keep the top and bottom substrates apart at a fixed distance. 
5 The mechanical properties and structural integrity of this type of displays are 
significantly better than any prior art displays including those manufactured by 
using spacer particles. In addition, displays involving microcups have desirable 
mechanical properties including reliable display performance when the display 
is bent, rolled or under compression pressure from, for example, a touch screen 
10 application. The use of the microcup technology also eliminates the need of an 
edge seal adhesive which would limit and predefine the size of the display 
panel and confine the display fluid inside a predefined area. The display fluid 
within a conventional display prepared by the edge sealing adhesive method 
will leak out completely if the display is cut in any way or if a hole is drilled 
15 through the display. The damaged display will be no longer functional. In 
contrast, the display fluid within the display prepared by the microcup 
technology is enclosed and isolated in each cell. The microcup display may be 
cut into almost any dimensions without the risk of damaging the display, 
performance due to the loss of display fluid in the active areas. In other words, 
20 the microcup structure enables a format flexible display manufacturing process, 
wherein the process produces a continuous output of displays in a large sheet 
format which can be cut into any desired sizes. The isolated microcup or cell 
structure is particularly important when cells are filled with fluids of different 
specific properties, such as colors and switching rates. Without the microcup 
25 structure, it will be very difficult to prevent the fluids in adjacent areas from 
intermixing or being subject to cross-talk during operation. 

For applications to be viewed in dark environments, the microcup 
structure effectively allows the backlight to reach the viewer through the 
microcup walls. Unlike traditional EPDs, even a low intensity backlight is 
30 sufficient for users to view in the dark the transflective EPDs based on the 
microcup technology. A dyed or pigmented microcup wall may be used to 
enhance the contrast ratio and optimize the intensity of backlight transmitted 
through the microcup EPDs. A photocell sensor to modulate the backlight 
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intensity might also be used to further reduce the power consumption of such 
EPDs. 

The microcup EPDs may have the traditional up/down switching mode, 
the in-plane switching mode or the dual switching mode. In the display having 
5 the traditional up/down switching mode or the dual switching mode, there are a 
top transparent electrode plate, a bottom electrode plate and a plurality of 
isolated cells enclosed between the two electrode plates. In the display having 
the in-plane switching mode, the cells are sandwiched between a top 
transparent insulator layer and a bottom electrode plate. 
10 For all types of the EPDs, the dispersion contained within the individual 

cells of the display is undoubtedly one of the most crucial parts of the device. 
The dispersion, as stated earlier, usually is composed of pigment particles 
dispersed in a dielectric solvent. The composition of the dispersion determines, 
to a large extent, the lifetime, contrast ratio, switching rate, response waveform 
15 and bistability of the device. In an ideal dispersion, the pigment particles 
remain separate and do not agglomerate under all operating conditions. 
Furthermore, all components in the dispersion must be chemically stable and 
compatible not only with each other but also with the other materials present in 
an EPD, such as the electrodes and sealing materials. 
20 The pigment particles in the dispersion may exhibit a native charge, or 

may acquire a charge when suspended in the dielectric solvent or may be 
charged using a charge controlling agent (CCA). The use of a CCA in a 
dispersion with a hydrocarbon solvent such as alkanes and alkylbenzenes is 
well known in the prior art. The mechanisms of electrically charging particles in 
25 a nonaqueous liquid have been reviewed by Fowkes, ef al. in ACS Symp. 
#200, "Colloids and Surfaces in Reprographic Technologies", pp. 307 (1982) 
and by Schmidt, et a!., "Liquid Toner Technology", Chapter 6 in "Handbook of 
Imaging Materials", (1991). Particles dispersed in a hydrocarbon solvent may 
be charged by the addition of a surfactant or CCA. Acid-base chemistry 
30 between the particles and the ionic surfactant micelles is believed to result in 
charging of the particles. The formation of negatively charged particles is 
enhanced by proton or cation exchange from the particles to the micelles and 
formation of positively charged particles is enhanced by proton or cation 
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exchange from the micelles to the particles. The magnitude of the zeta 
potential increases with stronger acid base interaction and decreases with an 
increasing dielectric constant of the solvent. A diffuse double layer with zeta 
potentials exceeding 100 mV has been demonstrated in the case of strong acid- 

5 base interactions. Examples of typical CCAs for the hydrocarbon dielectric 
solvents include metal dialkylsulfosuccinate, metal petronate, metal 
dialkylnaphthalene sulfonate, metal alkylsalicylate, metal alkylaryl sulfonate, 
metal stearate, Fluorad® perfluoro surfactants from 3M, copolymers of long- 
chain methacrylate or alphaolefins with acidic or basic comonomers, 

10 polyisobutylene succinimides, soy lecithin, N-vinyl pyrrolidone copolymers and 
the like. 

Highly fluorinated polymers having chains longer than C 8 have been 
disclosed in US Patent No. 4,285,801 (1981) as dispersants or CCAs for EPD 
applications particularly for EPDs using a hydrocarbon as the dielectric solvent. 

15 The polymers include highly fluorinated long chain alkyl or akylaryl carboxylic 
acids, sulfonic acids, and phosphoric acids, their esters and metal salts, highly 
fluorinated long-chain alkyl and alkylaryl alcohols, highly fluorinated A-B block 
copolymers of a long-chain alkyl or alkylaryl alcohol with ethylene glycol or 
propylene glycol, highly fluorinated poly(alkyl methacrylate) and their 

20 copolymers. 

Halogenated solvents of high specific gravity have been widely used in 
EPD applications particularly in those involving an inorganic pigment, such as 
Ti0 2 , as the charged whitening or coloring particle. The halogenated solvents 
of high specific gravity are very useful in reducing the rate of sedimentation of 

25 the pigment particles in the solvent. Fluorinated solvents are among the most 
preferred because they are chemically stable and environmentally friendly. 
However, most CCAs and dispersants suitable for use in hydrocarbon solvents 
are not effective for dispersions in fluorinated solvents particularly high boiling- 
point perfluorinated solvents. This could be due to poor solubility or charge 

30 separation of the CCAs in these solvents. As a result, pigment particles are 
very difficult to disperse in perfluorinated solvents. Therefore, EPDs based on 
perfluorinated dielectric solvents typically show poor stability and switching 
performance. 
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To improve the stability and display performance of EPDs based on 
fluorinated solvents, an electrophoretic fluid comprising 22.5 to 44.25 wt% of a 
hydrocarbon solvent, 54.42-75.20 wt% of at least one chlorine-free fluorinated 
solvent and 0.1 to 1 .5 wt% of a fluorosurfactant was taught in US 5,573,71 1 

5 (1996). The presence of a hydrocarbon solvent such as phenylxylylethane, 
phenyloctane, decahydronaphthalene or xylene was claimed to result in a 
stronger solvent system that gives a better display performance. However, the 
use of hydrocarbon solvents in any significant amount is undesirable because it 
lowers the specific gravity of the solvent and, as a result, increases the 

10 sedimentation rate of the pigment particles particularly when a pigment of high 
specific gravity, such as Ti0 2l is used. 

Thus, there is still a need for an EPD with improved performance 
resulting from improved design in the dielectric solvent, CCA and particle 
system selection. 

15 SUMMARY OF THE INVENTION 

The present invention is directed to a novel electrophoretic dispersion in 
which a fluorinated solvent or solvent mixture is used as the suspending 
medium. More specifically, the first aspect of the invention relates to an 
electrophoretic dispersion comprising a fluorinated solvent or solvent mixture as 
20 the continuous phase, charged pigment particles particularly polymer coated or 
microencapsulated pigment particles as the dispersed phase and the charge of 
the pigment particles or pigment containing particles is mainly provided by a 
CCA system comprising: 

(i) a soluble fluorinated electron accepting or proton donating 
25 compound or polymer in the continuous phase and an electron donating or 

proton accepting compound or polymer in the dispersed phase; or 

(ii) a soluble fluorinated electron donating or proton accepting 
compound or polymer in the continuous phase and an electron accepting or 
proton donating compound or polymer in the dispersed phase. 

30 The electron donating or proton accepting or electron accepting or proton 

donating compound or polymer in the dispersed phase may be on the surface 
of the particles. 
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The second aspect of the invention relates to an EPD which comprises: 

(a) a top layer and a bottom layer, at least one of which is 
transparent, 

(b) an array of cells sandwiched between the two iayers and the cells 
5 are filled with an electrophoretic dispersion, which dispersion comprises a 

fluorinated solvent or solvent mixture as the continuous phase, charged 
pigment particles or pigment-containing particles as the dispersed phase, and 
the charge of the pigment particles or pigment-containing particles is mainly 
provided by: 

10 (i) a soluble fluorinated electron accepting or proton donating 

compound or polymer in the continuous phase and an electron donating or 
proton accepting compound or polymer in the dispersed phase; or 

(ii) a soluble fluorinated electron donating or proton accepting 
compound or polymer in the continuous phase and an electron accepting or 
15 proton donating compound or polymer in the dispersed phase. 

In this aspect of the invention, the electron donating or proton accepting 
or electron accepting or proton donating compound or polymer in the dispersed 
phase may also be on the surface of the particles. 

The EPD may have the traditional up-down switching mode, the in-plane 
20 switching mode or the dual switching mode. 

In the EPD with the traditional up-down switching mode or the dual 
switching mode, both the top and bottom layers are electrode plates. In the 
1 EPD with the in-plane switching mode, one of the layers is an electrode plate 
and the other layer is an insulating layer. 
25 The CCA system of the present invention may be incorporated into the 

electrophoretic dispersion in a variety of ways. For example, a proton acceptor 
of (i) may be applied to the pigment particles or added into the dispersed phase 
(internal phase) before microencapsulation and a soluble fluorinated proton 
donor of (i) may be added into the continuous phase. Similariy, a proton donor 
30 of (ii) may be applied to the pigment particles or added into the dispersed phase 
(internal phase) before microencapsulation and a soluble fluorinated proton 
acceptor of (ii) may be added into the continuous phase. 
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Another alternative for the CCA system of the present invention results 
from the presence of the required donor/acceptor components in the same 
molecule. For example, one part of a molecule can represent, and function as, 
the soluble fluorinated donor/acceptor and another part can represent, and 

5 function as, the complementary insoluble acceptor/donor. The presence of 
both the soluble fluorinated donor/acceptor and the complimentary insoluble 
acceptor/donor in the same CCA molecule results in a high surface activity and 
a strong adsorption of the CCA onto the particles. 

Each of the two agents, namely the proton acceptor and the soluble 

10 fluorinated proton donor of (i) or the proton donor and the soluble fluorinated 
proton acceptor of (ii), may be present in the amount of from 0.05 to 30 weight 
% based on the pigment containing microparticles or microcapsules, preferably 
from 0.5 to 15 %, in the dispersion. 

In order for the electrophoretic dispersion to achieve high hiding power or 

15 light scattering efficiency, high dispersion stability, low rate of sedimentation or 
creaming and high electrophoretic mobility even at a high solid content and 
under a wide range of applied voltages, the pigment particles may be 
microencapsulated or coated with a polymer matrix of low specific gravity. The 
density of the pigment-containing microcapsules or microparticles may be 

20 matched to that of the dielectric solvent used in the EPD. 

Microencapsulation of the pigment particles may be accomplished 
chemically or physically. Typical microencapsulation processes include 
interfacial polymerization, \n-situ polymerization, phase separation, 
coacervation, electrostatic coating, spray drying, fluidized bed coating and 

25 solvent evaporation. A review of a variety of microencapsulation processes can 
be found in "Microcapsule Processing and Technology" by A. Kondo (Marcel 
Dekker,1979). 

The third aspect of this invention relates to a novel microencapsulation 
process using reactive CCAs to form part of the charged shell of the pigment 
30 microcapsules or microparticles. 
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DETAILED DESCRIPTION OF THE INVENTION 

Unless defined otherwise in this specification, all technical terms are 
used herein according to their conventional definitions as they are commonly 
used and understood by those of ordinary skill in the art. Tradenames are 
5 identified for materials used and their sources are also given. The term 
"particle" is understood to broadly cover all particulate matters including 
microparticles and microcapsules having pigment particles dispersed therein. 

The novel electrophoretic dispersion of the present invention comprises 
a fluorinated, particularly a perfluorinated, solvent as the continuous phase and 
10 charged pigment particles as the dispersed phase, and the charge of the 
pigment particles is mainly provided by a CCA system comprising: 

(i) a soluble fluorinated electron accepting or proton donating 
compound or polymer in the continuous phase and an electron donating or 
proton accepting compound or polymer in the dispersed phase,; or 
15 a soluble fluorinated electron donating or proton accepting compound or 

polymer in the continuous phase and an electron accepting or proton donating 
compound or polymer in the dispersed phase. 

The electron donating or proton accepting or electron accepting or proton 
donating compound or polymer in the dispersed phase may be on the surface 
20 of the particles. 

I. The Electrophoretic Dispersion of the Prese nt Invention 
A. Suitable Solvents for the Dispersion 

Suitable solvents generally have low vapor pressure, low viscosity and a 
dielectric constant in the range of about 1 .7 to about 30, preferably about 1 .7 to 

25 about 5. Examples of suitable fluorinated solvents include, but are not limited 
to, perfluoro solvents such as perfluoroalkanes or perfluorocycloalkanes (e.g., 
perfluorodecalin), perfluoroarylalkanes (e.g., perfluorotoluene or 
perfluoroxylene), perfluoro-tert-amines, perfluoropolyethers such as those from 
Galden/Fomblin and perfluoropolyethers HT series, and hydrofluoropolyethers 

30 (ZT series) from Ausimont, FC-43 (heptacosafluorotributylamine), FC-70 

(perfluorotri-n-pentylamine), PF-5060 or PF-5060DL (pefluorohexane) from 3M 
Company (St. Paul, MN), low molecular weight (preferably less than 50,000, 

10 
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more preferably less than 20,000) polymers or oligomers such as 
poly(perfluoropropylene oxide) from TCI America (Portland, Oregon), 
poly(chlorotrifluoroethylene) such as Halocarbon Oils from Halocarbon Product 
Corp. (River Edge, NJ), Krytox® K-fluids (trifluorohomopolymer) from Dupont, 
5 and Demnum lubricating oils from Daikin Industries. Perfluoropolyethers and 
hydrofluoropolyethers such as Ausimont HT-170, HT-200, HT-230, ZT-180 and 
Dupont trifluoro(trifluoromethyl)oxirane homopolymers (such as K-6 and K-7 
fluids) are useful. 



solvent in which the particles are suspended. The primary pigment particles 
may be organic or inorganic pigments, such as Ti0 2 , phthalocyanine blue, 
phthalocyanine green, diarylide yellow, diarylide AAOT Yellow, and 
quinacridone, azo, rhodamine, perylene pigment series from Sun Chemical, 

15 Hansa yellow G particles from Kanto Chemical and Carbon Lampblack from 
Fisher. The pigment particles may be prepared by any of the well-known 
methods including grinding, milling, attriting, microfluidizing and ultrasonic 
techniques. For example, pigment particles in the form of a fine powder are 
added to the suspending solvent and the resulting mixture is ball milled or 

20 attrited for several hours to break up the highly agglomerated dry pigment 
powder into primary particles. Particle size of the pigment particles may be in 
the range of 0.01-10 microns, preferably in the range of 0.05-3 microns. These 
particles should have acceptable optical characteristics, should not be swollen 
or softened by the dielectric solvent and should be chemically stable. The 

25 resulting dispersion must also be stable against sedimentation, creaming or 
flocculation under normal operating conditions. 

C. Microencapsulated Pigment Particles 

In order for the electrophoretic dispersion to achieve high hiding power or 
light scattering efficiency, high dispersion stability, low rate of sedimentation or 
30 creaming and high electrophoretic mobility even with a high solid content and 
under a wide range of applied voltages, the pigment particles may be 
microencapsulated or coated with a polymer matrix of low specific gravity. 



10 



B. Pigment Particles 
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Microencapsulation of the pigment particles may be accomplished chemically or 
physically. Typical microencapsulation processes include interfacial 
polymerization/crosslinking, in-s/£u polymerization/crosslinking, phase 
separation, simple or complex coacervation, electrostatic coating, spray drying, 

5 fluidized bed coating and solvent evaporation. 

One embodiment of this invention is the novel microencapsulation 
process which involves interfacial polymerization using reactive CCAs to form 
part of a charged, crosslinked shell of the pigment containing microcapsules or 
microparticles. The microencapsulation process involves first preparing an 

10 internal phase dispersion comprising primary pigment particles, such as Ti0 2 , a 
reactive monomer or oligomer and optionally a diluent such as a volatile organic 
solvent. The internal phase may also have a dispersant to facilitate the 
dispersion of the primary pigment particles in the internal phase which is 
achieved by a conventional dispersing or milling mechanism such as 

15 homogenizer, sonicator, colloidal mill, high shear mixer and the like. 
Reactive monomers suitable for the interfacial 
polymerization/crosslinking of the present invention include multifunctional 
isocyanates, thioisocyanates, epoxides, acid chlorides, chloroformates, 
aikoxysilanes, anhydrides, alcohols, thiols, amines and their precondensates. 

20 In one embodiment, reactive monomers may be multifunctional amines (primary 
and secondary), thiols, isocyanates, thioisocyanates, epoxides and their 
precondensates. The reactive monomer or oligomer may be present in the 
amount of from 5 to 300 wt% based on the primary pigment particles, preferably 
from 50 to 150 wt%, more preferably from 80 to 120 wt%. 

25 The resultant internal phase pigment dispersion is then emulsified into a 

continuous phase which comprises a protective colloid and reactive CCA(s) in a 
fluorinated solvent. The reactive CCA(s) may be pre-emulsified by the 
protective colloid in the fluorinated solvent. 

In this system, a reactive CCA {i.e., an electron acceptor or proton donor, 

30 or an electron donor or proton acceptor, having at least one reactive moiety) 
may be added directly to the internal phase dispersion, and a soluble 
fluorinated reactive CCA {i.e., a soluble fluorinated electron donor or proton 
acceptor, or a soluble fluorinated electron acceptor or proton donor, having at 
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least one reactive moiety) may be added to the continuous phase. 
Alternatively, both the reactive CCA and the soluble fluorinated reactive CCA 
may be added together to the continuous phase and in this case the reactive 
CCA will diffuse through the solvent to the surface of the microcapsules. 
5 In another embodiment, the CCA having a fluorinated donor/acceptor 

moiety and a complementary acceptor/donor moiety in the same molecule may 
be used. In these surface active CCAs, the fluorinated donor/acceptor moiety is 
compatible with the continuous phase whereas the complementary 
acceptor/donor moiety is incompatible with the continuous phase. The reactive 

10 functional groups for interfacial polymerization/crosslinking may be attached to 
the moiety that is not compatible with the continuous phase. 

In still another embodiment, the reactive CCA is a reactive dispersion 
stabilizer or protective colloid which after being bonded to the particles improves 
the dispersion stability and shelf life of the EPDs. 

15 The reactive CCAs may have at least one functional group to react with 

the functional monomers or oligomers in the internal phase. A hard shell is 
formed around the internal dispersion phase as a result of the interfacial 
reaction between the reactive monomer or oligomer from the internal phase and 
the reactive functional groups of the CCA. Protective colloids or dispersants 

20 may be added in the continuous phase to improve the dispersion stability and 
control the particle size and particle size distribution of the microcapsules. The 
protective colloids may comprise a reactive functional group which may also 
react with the functional monomers or oligomers in the internal phase to form a 
crosslinked shell. 

25 Examples of suitable protective colloids include amino- or hydroxy- 

functionalized fluorinated, particularly perfluorinated, polymers or oligomers 
derived from perfluoro hydrocarbons or perfluoropolyethers (from Du Pont and 
Ausimont). The polyfluoroether amines such as those exemplified as Formula I 
in Example 7 of the present application are useful. Suitable polyfluoroether 

30 amines may have molecular weights ranging from 300 to 50,000, preferably 
from 500 to 15,000. Generally they may be prepared under mild conditions by 
reacting a polyfluoroether substituted with at least one ester group with a 
multifunctional amine. 
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The resultant pigment microcapsules may be further hardened by solvent 
evaporation or in-s/fu polymerization/crosslinking in the internal phase. Suitable 
monomers or oilgomers for the \n-situ polymerization/crosslinking reaction in the 
internal phase include monomers for radical or ionic polymerization such as 

5 vinyls, acrylates, methacrylates, styrenes, allyls, vinylethers and their " 
multifunctional derivatives, and monomers for condensation polymerization 
such as polyols, polythiols, anhydrides, polyamines, isocyanates, 
thioisocyanates and epoxides. 

The size of the microencapsulated pigment particles may range from 0.1- 

10 10 microns, preferably 0.3-3 microns. 

D. The Charge Controlling System of the Prese nt Invention 

The pigment particles or microcapsules are charged using a CCA 
system. Specifically, the charge of the particles is provided by: 

(i) a soluble fluorinated electron accepting or proton donating 
15 compound or polymer in the continuous phase and an electron donating or 
proton accepting compound or polymer in the dispersed phase; or 

a soluble fluorinated electron donating or proton accepting compound or 
polymer in the continuous phase and an electron accepting or proton donating 
compound or polymer in the dispersed phase. 
20 The electron donating or proton accepting or electron accepting or proton 

donating compound or polymer in the dispersed phase may be on the surface 
of the particles. 

Electron Accepting or Proton Donating Compounds o r Polymers in 
the Dispersed Phase or on the Particle Surface 

25 Examples of the suitable electron accepting or proton donating 

compounds or polymers in the dispersed phase or on the surface of the particle 
include alkyl, aryl, alkylaryl or arylalkyl carboxylic acids and their salts, alkyl, 
aryl, alkylaryl or arylalkyl sulfonic acids and their salts, tetra-alkylammonium and 
other alkylaryl ammonium salts, pyridinium salts and their alkyl, aryl, alkylaryl or 

30 arylalkyl derivatives, sulfonamides, perfluoroamides, alcohols, phenols, salicylic 
acids and their salts, acrylic acid, sulfoethyl methacrylate, styrene sulfonic acid, 
itaconic acid, maleic acid, hydrogen hexafluorophosphate, hydrogen 
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hexafluoroantimonate, hydrogen tetrafluoroborate, hydrogen 
hexafluoroarsenate (V) and the like. The alkyl, alkylaryl, arylalkyl and aryl 
groups may have up to 30 carbon atoms. Organometallic compounds or 
complexes containing an electron deficient metal group such as tin, zinc, 
5 magnesium, copper, aluminum, cobalt, chromium, titanium, zirconium and 
derivatives and polymers thereof, may also be used. In one embodiment of this 
invention, protonated polyvinylpyridine copolymers or their quaternary salts, 
copper or zirconium salts such as zirconium (tetraacetoacetate), zirconium 
acetoacetonate and copper acetoneacetonate may be used. 

10 Soluble Fluorinated Electro n Accepting or Proton Donating 

Compounds or Polymers in the Contin uous Phase 

Examples of the soluble, fluorinated, electron accepting or proton 

donating compounds or polymers in the continuous phase include fluorinated 

alkyl, aryl, alkylaryl or arylalkyl carboxylic acids, fluorinated alkyl, aryl, alkylaryl 

1 5 or arylalkyl sulfonic acids, fluorinated sulfonamides, fluorinated carboxamides, 

fluorinated alcohols, fluorinated ether alcohols, fluorinated phenols, fluorinated 

salicylic acids, hydrogen hexafluorophosphate, hydrogen hexafluoroantimonate, 

hydrogen tetrafluoroborate, hydrogen hexafluoroarsenate (V), fluorinated 

pyridinium salts or quarternary ammonium salts and the like. Fluorinated 

20 organometallic compounds or fluorinated complexes containing an electron 

deficient metal group such as tin, zinc, magnesium, copper, aluminum, 

chromium, cobalt, titanium, zirconium and derivatives and polymers thereof, 

may also be used. The perfluorocarboxylic acids and salts or complexes 

include DuPont poly(hexafluoropropylene oxide), carboxylic acids such as 

25 Krytox® 1 57 FSL, Krytox® 1 57 FSM, Krytox® 1 57 FSH, the Demnum series 

manufactured by Daikin Ind., Ausimont Fluorolink® C and 7004 and the like. 

Fluorinated organometallic compounds include fluorinated metal phthalocyanine 

dyes as prepared by the method taught in US Patent No. 3,281,426 (1966), and 

other fluorinated metal complexes such as zirconium perfluoroacetoacetonates 

30 and copper perfluoroacetoacetonate which may be prepared from hexafluoro- 

acetylacetone and metal chloride. For example, copper 

perfluoroacetoacetonate may be prepared by mixing appropriate amounts of 

copper chloride, dry methanol and hexafluoroacetylacetone and allowing the 
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mixture to react in a dry box at room temperature. After the rate of hydrogen 
chloride evolution slows down, the mixture is refluxed for 1 / 2 hour under nitrogen 
atmosphere. Copper perfluoroacetoacetonate as a colorless crystalline solid 
may then be obtained by filtration followed by vacuum sublimation at room 
5 temperature. 

Fluorinated quinolinol metal complexes are also useful. For example, 
fluorinated quinolinol Al complexes may be prepared by a two step procedure: 

Step (1) 



10 




Galden PFS2, Mw = 340 from Ausimont 

CF 3 -[((XF(CF3>CF 2 )rn-((>CF 2 )n](XF 3 



In one embodiment, soluble fluorinated electron accepting or proton 
donating compounds may include triflic acid, trifluoroacetic acid, perfluorinated 
amides, perfluorinated sulfonamide, and the Krytox® FS series, such as 
20 Krytox® FSL, zirconium and copper tetra(perfluoroacetoacetonate), fluorinated 
quinolinol Al complexes and fluorinated metal (such as Cu, Zn, Mg, Zr, and Si) 
phthalocyanine dyes. 
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Electron Donating or Proton Accepting Compou nds or Polymers in 
the Dispersed Phase or on the Particle Surface 

Examples of the electron donating or proton accepting compounds or 
polymers include amines, particularly tert-amines or tert-anilines, pyridines, 

5 guanidines, ureas, thioureas, imidazoles, tetraarylborates and the alkyl, aryl, 
alkylary! or arylalkyl derivatives thereof. The alkyl- alkylaryl, arylalkyl and aryl 
groups may have up to 30 carbon atoms. In one embodiment, compounds or 
polymers may be copolymers of 2-vinyl pyridine, 4-vinyl pyridine or 2-N.N- 
dimethylaminoethyl acrylate or methacrylate with styrene, alkyl acrylates or alkyl 

10 methacrylates or aryl acrylate or methacrylate, such as poly(4-vinylpyridine-co- 
styrene), poly(4-vinlypyridine-co-methyl methacrylate) or poly(4-vinlypyridine-co- 
butyl methacrylate). 

Fluorinated Electron Donating or Proton Accepting C ompounds or 
Polymers in the Continuous Phase 

15 Examples of the soluble, fluorinated electron donating or proton 

accepting compounds or polymers in the continuous phase may include 
fluorinated amines, particularly tert-amines or anilines, fluorinated pyridines, 
fluorinated alkyl or aryl guanidines, fluorinated ureas, fluorinated thioureas, 
fluorinated tetraarylborates, and derivatives and polymers thereof. The 

20 fluorinated amines may be derivatives of a perfluoropolyether, such as a 
precondensate of a multifunctional amine and a perfluoropolyether methyl 
ester. 

Compounds with Donor/Acceptor and Fluorinated Acce ptor/Donor 
Combination 

25 Examples of compounds with donor/acceptor and fluorinated 

acceptor/donor combination include any of the previously mentioned 
compounds and derivatives and polymers thereof. The combination results in a 
zwitterionic type of CCA and has the advantages of improved performance and 
simpler composition with less individual components. The 'soluble' fluorinated 

30 portion of this combined CCA may extend into the continuous phase to 

maximize dispersion stability of the microparticles. The "insoluble" portion of the 
combined CCA may contain at least a reactive moiety for the interfacial reaction 
with the reactants in the dispersed particle phase. The shelf life stability and 
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the switching performance of the micropartictes in EPD devices are significantly 
improved since the CCA is covalently bonded to the microparticle via the 
interfacial reaction. Examples of this type of CCAs include the condensate 
product prepared from perfluoroester and, for examples, tris(2- 
5 aminoethyl)amine, diethylenetriamine, 1-[N,N-bis(2-hydroxyethyl)amino]2- 
propanol or their derivatives: 

CF 3 0 

p-j-CP-CF-O-^CF-N-OMe + N(CH 2 CH 2 NH 2 ) 3 - 

CF 3 0 

F-f-CF-CF r O^rCF-0-NHCH 2 CH 2 N(CH 2 CH 2 NH 2 ) 2 
CF 3 CF 3 

Reactive Charge Controlling Agents for Micro encapsulation 

The CCAs having reactive functional groups such as unsaturated double 

10 bonds including, but are not limited to vinyls, dienes, acrylates or methacrylates, 
primary or secondary amines, anilines, ureas, thioureas, alcohols, thiols, 
isocyanates, thioisocyanates, imines, epoxides, acid anhydrides, acid chlorides, 
chloroformates and the like are useful to be incorporated onto the surface of the 
microencapsulated pigment particles by interfacial reaction or \n-situ 

15 polymerization. 

Examples for these reactive CCAs for the m-situ radical polymerization 
process include 2-vinyl pyridine, 4-vinylpyridine, N,N-dimethylaminoethyl 
acrylate, methacrylic acid, acrylic acid, styrene sulfonic acid, itaconic acid, 
maleic acid, or their salts and derivatives or co-polymers thereof. 

20 Examples for the reactive CCAs for the interfacial polymerization process 

may include 4-aminomethyl pyridine, 1-(2-aminoethyl)piperazine, 1-(3- 
aminopropyl)imidazole and sulfonated polyisocyanates and their salts. 

Examples of the reactive CCAs for in-s/'ft/ condensation polymerization 
may include triethanolamine, diethanolamine, 1-[N,N-bis(2- 

25 hydroxyethyl)amino]2-propanol, tris-(2-aminoethyl)amine, N,N-(2- 

hydroxyethyi)aniline, N,N,N',N'-tetrakis(2-hydroxypropyl)ethylenediamine, 
N,N,N , ,N'-tetrakis(2-hydroxyethyl)ethylenediamine and their derivatives. 
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The fluorinated reactive CCAs generally have at least one reactive 
functional moiety including unsaturated double bonds such as vinyls, dienes, 
acrylates or methacrylates, thiol, hydroxy, amide, primary and secondary amine 
or aniline, urea, thiourea, imine, isocyanate, thioisocyanate, epoxide, silane, 

5 chloroformate, acid anhydride, acid chloride and the like. In one embodiment, 
reactive moieties may be amine, thiol, hydroxy, thioisocyanate or isocyanate. 

The CCA system of the present invention may be incorporated into the 
electrophoretic dispersion in different ways. For example, a proton accepter 
may be applied to the pigment particles or added into the internal phase 

10 dispersion before microencapsulation and a fluorinated proton donor may be 
added into the fluorinated continuous phase. Similarly, a proton donor may be 
applied to the pigment particles or added into the internal phase dispersion 
before microencapsulation and a fluorinated proton acceptor may be added into 
the fluorinated continuous phase. 

15 Each of the two agents, namely, the proton acceptor and the fluorinated 

proton donor of (i) or the proton donor and the fluorinated proton acceptor of (ii), 
may be present in the range of from 0.05 to 30 weight % based on the pigment 
containing microparticles or microcapsules, preferably 0.5 to 15 %, in the 
dispersion. 

20 E. Contrast Colorants 

In addition to the charged primary color pigment particles such as 
microencapsulated Ti0 2 particles, a contrasting colorant may be used in EPDs 
of the present invention. The contrast colorant may be formed from dyes or 
pigments. In one embodiment, nonionic azo and anthraquinone dyes are 

25 useful. Examples of useful dyes include, but are not limited to: Oil Red EGN, 
Sudan Red, Sudan Blue, Oil Blue, Macrolex Blue, Solvent Blue 35, Pylam Spirit 
Black and Fast Spirit Black from Pylam Products Co., Arizona, Sudan Black B 
from Aldrich, Thermoplastic Black X-70 from BASF, and anthraquinone blue, 
anthraquinone yellow 114, anthraquinone reds 1 1 1 and 135 and anthraquinone 

30 green 28 from Aldrich. Perfluorinated dyes are particularly useful in this case 
where fluorinated or perfluorinated dielectric solvents are used. If the 
contrasting colorant is insoluble in the dielectric solvent, a non-charged 
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dispersion of the colorant may be used. Particle size may be in the range of 
0.01-5 microns, preferably in the range of 0.05-2 microns. If the contrasting 
colorant particles are charged, they may carry a charge which is opposite from 
that of the charged primary color pigment particles. If both types of particles 

5 carry the same charge, then they should have different charge density or 

different electrophoretic mobility. In any case, the dye or pigment used in EPDs 
must be chemically stable and compatible with other components in the 
dispersion. The dye or pigment for producing the contrast colorant may be 
predispersed in the dielectric solvent and added into the electrophoretic fluid 

10 containing the primary color pigment dispersion. For a black/white EPD, the 
dispersion comprises charged white particles of titanium oxide (Ti0 2 ) dispersed 
in a blackened fluorinated dielectric solvent. A black dye or dye mixture such as 
Pylam Spirit Black and Fast Spirit Black from Pylam Products Co., Arizona, 
Sudan Black B from Aldrich, Thermoplastic Black X-70 from BASF or a black 

15 pigment such as carbon black may be used to generate the black color of the 
solvent. Modification of the dyes or pigments by introducing fluorinated or 
perfluorinated side chains such as C n F 2n+ i (n=4-12) is useful to increase their 
solubility or dispersibility in highly fluorinated solvents. For a subtractive color 
system, the charged Ti0 2 particles may be suspended in a fluorinated solvent 

20 of cyan, yellow or magenta color. The cyan, yellow or magenta color may be 
generated via the use of a dye or a pigment. For an additive color system, the 
charged Ti0 2 particles may be suspended in a fluorinated solvent of a red, 
green or blue color generated also via the use of a dye or a pigment. For most 
applications, the additive color system may be used. 

25 II. The Electrophoretic Display of the Present Invention 

The electrophoretic display of the present invention comprises: 

(a) a top layer and a bottom layer, at least one of which is 
transparent, 

(b) an array of cells sandwiched between the two layers and the cells 
30 are filled with an electrophoretic dispersion, which dispersion comprises a 

fluorinated solvent or solvent mixture as the continuous phase, charged 
pigment particles or pigment containing particles as the dispersed phase, and 
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the charge of the pigment particles or pigment containing particles is mainly 
provided by: 

(i) a soluble fluorinated electron accepting or proton donating 
compound or polymer in the continuous phase and an electron donating or 

5 proton accepting compound or polymer in the dispersed phase; or 

(ii) a soluble fluorinated electron donating or proton accepting 
compound or polymer in the continuous phase and an electron accepting or 
proton donating compound or polymer in the dispersed phase. 

The electron donating or proton accepting or electron accepting or proton 
10 donating compound or polymer in the dispersed phase may be on the surface 
of the particles. 

The display may be any types of electrophoretic display known in the art, 
including the conventional types of electrophoretic displays. 

The display may also be prepared from the microcup technology 
15 involving microembossing or photolithography. In this case, the display cells 
are of well-defined size, shape and aspect ratio, and are individually sealed, 
preferably with a polymeric sealing layer. 

The display cells may be prepared by the microencapsulation technology 
(US Patent Nos. 5,961 ,804 and 5,930,026). In this type of the displays, the size 
20 of the display cells may range from 5-500 microns, preferably from 25 to 250 
microns. The shell of the microcapsule cells is formed from interfacial 
polymerization/crosslinking of monomers. The dispersed phase or the internal 
phase in the interfacial encapsulation process comprises pigment 
microcapsules or microparticles of the present invention dispersed in a 
25 dielectric solvent. 

The display may have the traditional up/down switching mode, the in- 
plane switching mode or the dual switching mode. 

In the display having the traditional up/down switching mode or the dual 
switching mode, both the top and bottom layers are electrode plates, at least 
30 one of which is transparent and the individually sealed cells are enclosed 
between the two electrode plates. The up/down mode allows the charged 
pigment particles or pigment containing particles to move in the vertical 
(up/down) direction whereas the dual switching mode allows the pigment 
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particles or pigment containing particles to move in either the vertical (up/down) 
direction or the planar (left/right) direction. In the display having the in-plane 
switching mode, the cells are sandwiched between an insulator layer and an 
electrode plate. The in-plane switching mode allows the pigment particles or 
5 pigment containing particles to move in the planar direction only. 

EXAMPLES 

The following examples are given to enable those skilled in the art to 
more clearly understand, and to practice, the present invention. They should 
not be considered as limiting the scope of the invention, but merely as being 
10 illustrative and representative thereof. 

Example 1 (Comparative Example) 

1 .25 Parts of an acrylic particle (PA2D, average particle size = about 
15 2um diameter, H.W. Sands Corp., Jupiter, FL) was dispersed into a solution 
containing 0.1 parts of a perfluorocarboxylic acid, Krytox® 157FSL (DuPont 
Performance lubricants, Deepwater, NJ) and 34.2 parts of a 1% solution of 
fluorinated blue dye FC-3275 (3M, Specialty Chemicals Division, St. Paul, MN) 
in HT200 (Ausimont, Thorofare, NJ) by using a homogenizer (PowerGen® 700, 
20 Fisher Scientific) at room temperature for 1 hour, followed by ultrasonication 
(Sonic Dismembrator® 550, Fisher Scientific) for 45 minutes. One drop of the 
dispersion fluid was placed between two pieces of ITO glass (Part No. CG- 
401N-S215, Delta Technologies, Limited, Stillwater, MN) using 35 micron PET 
films (DuPont, Hopewell, VA) as the spacers. The device showed a very poor 
25 contrast ratio and a switching rate of about 1 Hz at 1 00 volt. 

Example 2 

The procedure of Example 1 was repeated, except that the acrylic 
particle was precoated with a basic copolymer of 4-vinylpyridine (90%) and butyl 
methacrylate (10%) (PVPyBMA) (Aldrich) by dispersing 20 parts of the acrylic 
30 particle in 20 parts of a 5% solution of the copolymer in methanol using a 
homogenizer (PowerGen® 700) for 1 hour, followed by ultrasonication (Sonic 
Dismembrator® 550) for 45 minutes. The coated acrylic particle dispersion was 
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spray dried, ground with a mortar, dispersed into a solution containing 0.1 parts 
of a perfluorocarboxylicacid, Krytox® 157FSL (DuPont Performance lubricants, 
Deepwater, NJ) and 34.2 parts of a 1 % solution of fluorinated blue dye FC-3275 
(3M, Specialty Chemicals Division, St. Paul, MM) in HT200 (Ausimont. 
Thorofare, NJ) and evaluated as described in Example 1 . The dispersion 
showed a switching rate of 7Hz at 1 00V with a significantly improved contrast 



ratio. 



Fvam pls 3 (Compa rative Example) 

50 Parts of a polymer coated Ti0 2 particle TINT-AYD® PC9003 (0.2 to 
10 0.4 urn in diameter, Elementis, Specialties, Colorants and Additives, Jersey 
City NJ) was added to 50 parts of ethanol, homogenized for 5 minutes, then 
ultrasonicated for 10 minutes. The resultant slurry (12 parts) was added into 
100 parts of a solution containing 1 .2% of Krytox® 157FSH in HT-200 and 
homogenized at room temperature (10K speed) for 30 minutes. The alcohol 

15 was stripped off at 80°C and the dispersion was further ultrasonicated for 30 
minutes, resulting in a dispersion of fine particles ranging from 1 .0 to 3.0 ^m in 
diameter as measured by Coulter LS 230 particle size analyzer. The blue dye 
FC-3275 (0.8% based on the dispersion) was added to the above dispersion 
and the resultant fluid was evaluated as described in Example 1 . No 

20 observable contrast ratio and switching rate was detected at 100 volt. 

Example 4 

The procedure of Example 3 was repeated, except that the Ti0 2 particles 
TINT-AYD® PC9003 were precoated with a basic copolymer (PVPyBMA) of 4- 
vinylpyridine (90%) and butyl methacrylate (10%) (Aldrich). The PC-9003 

25 particles (50 parts) were mixed with 25 parts of ethanol and 25 parts of 10% 
solution of the PVPyBMA copolymer in methanol, homogenized for 5 minutes 
and then ultrasonicated for 10 minutes. The resultant slurry (12 parts) was 
added into 100 parts of a solution containing 1 .2% of Krytox® 157FSH in HT- 
200 and homogenized at room temperature (10K speed) for 30 minutes. The 

30 alcohol was stripped off at 80°C and the dispersion was further ultrasonicated 
for 30 minutes. The blue dye FC-3275 (0.8% based on the dispersion) was 
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added to the above dispersion and the resultant fluid was evaluated as 
described in Example 3. An acceptable contrast ratio was observed and the 
switching rates were 12, 2, and about 1 Hz at 100, 20 and 10 volts respectively. 
Results are shown in Table 1 . 



The procedure of Example 4 was repeated, except that the concentration 
of the basic poly(4-vinylpyridine-co-butyl methacrylate) (PVPyBMA) was 
increased from 5wt% to 8wt% based on TINT-AYD® PC9003. A contrast ratio 
higher than 10 was observed and the switching rates were 20, 3, and 1 Hz at 
10 100, 20 and 10 volts respectively. Results are shown in Table 1 . 



The procedure of Example 4 was repeated, except that the ethanol and 
methanol were replaced by CHCI 3 in the first coating step with the copolymer 
PVPyBMA onto the Ti02 particles TINT-AYD® PC9003. A good contrast ratio 
15 (>1 0) was observed and the switching rates were 15, 2, and about 1 Hz at 1 00, 
20 and 1 0 volts respectively. Results are shown in Table 1 . 



Krytox® methyl ester (17.8 g, MW=~1780, a (weight fraction)=0.933 with 
10 repeating units, DuPont) was dissolved in a solvent mixture containing 12 g 
of 1,1,2-trichlorotrifluoroethane (Aldrich) and 1.5 g of cc,a,a-trifluorotoluene 
25 (Aldrich). The resultant solution was added drop by drop into a solution 
containing 7.3 g of tris(2-aminoethyl)amine (Aldrich) in 25 g of a,a,a- 



Example 5 



Example 6 



Example 7 
Synthesis of a Multifunctional Rf-amine 




Formula (I) 
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trifluorotoluene and 30 g of 1 ,1 ,2-trichlorotrifluoroethane over 2 hours with 
stirring at room temperature. The mixture was then stirred for another 8 hours 
to allow the reaction to complete. The IR spectrum of the product clearly 
indicated the disappearance of C=0 vibration for methyl ester at 1780 crn 1 and 
5 the appearance of C=0 vibration forthe amide product at 1695 cm' 1 . Solvents 
were removed by rotary evaporation followed by vacuum stripping at 100°C for 
4-6 hours. The crude product was then dissolved in 50 ml of PFS2 solvent (low 
molecular weight perfluoropolyether from Ausimont), extracted with 20 ml of 
ethyl acetate three times and then dried to yield 17 g of purified product (Rf- 
10 aminel 900) which showed excellent solubility in HT200. 

Other multifunctional Rf amines of Formula (I) having different molecular 
weights such as Rf-amine4900 (a = 0.977 with 30 repeating units), 2000 (a = 
0.939 with 1 1 repeating units), Rf-amine800 (a=0.848 with 4 repeating units) 
and Rf-amine650 (a=0.807 with 3 repeating units) were also synthesized 
15 according to the same procedure. Rf-amine350 was also prepared by the same 
procedure, except that the Krytox® methyl ester was replaced by 
CF3CF2CF2COOCH3 (from SynQuest Labs, Alachua Fl). 

Example 8 

50 Parts of a polymer coated Ti0 2 particle TINT-AYD® PC9003 was 
20 added to 50 parts of methanol containing 5 parts of polyacrylic acid (PAA, 
Mw~110K, Aldrich) to form a Ti0 2 slurry. The slurry was homogenized for 5 
minutes and then ultrasonicated for 10 minutes at room temperature. The 
slurry (1 2 parts) was added into 1 00 parts of a HT200 solution containing 1 .2% 
of Rf-amine2000 (from Example 7) and homogenized at room temperature (1 OK 
25 speed) for 30 minutes The alcohol was stripped off at 80°C and the dispersion 
was further ultrasonicated for 30 minutes. The blue dye FC-3275 (0.8% based 
on the dispersion) was added to the above dispersion and the resultant fluid 
was evaluated as described in Example 1 . Results are shown in Table 1 . 

Fvam ple 9 (Compa rative Example) 
30 50 Parts of a polymer coated Ti0 2 particle TINT-AYD® PC9003 was 

mixed with 25 parts of ethanol and 25 parts of a 1 0% solution of 4-vinylpyridine 
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(90%) and butyl methacrylate (10%) copolymer (PVPyBMA) in. methanol to form 
a Ti0 2 slurry. The slurry was homogenized for 5 minutes and then 
ultrasonicated for 10 minutes. The slurry (12 parts) was added into 100 parts of 
a solution containing 1 .2% of Fluorolink® D10 (Ausimont) in HT-200 and 

5 homogenized at room temperature (1 OK speed) for 30 minutes to obtain a 
dispersion. A solution of 5% p-toluenesulfonic acid in methanol (6 g) was 
added to the dispersion under homogenization. The alcohol was stripped off at 
80°C and the dispersion was further ultrasonicated for 30 minutes. The blue 
dye FC-3275 (0.8% based on the dispersion) was added to the above 

10 dispersion and the resultant fluid was evaluated as described in Example 1 . 
Results are shown in Table 1 . 

Example 10 (Comparative Example) 

50 Parts of a polymer coated Ti0 2 particle TINT-AYD® PC9003 was 
added to 50 parts of methanol containing 5 parts of polyacrylic acid (PAA, 

15 Mw~1 10K, Aldrich) to form a Ti0 2 slurry. The slurry was homogenized for 5 
minutes and then ultrasonicated for 10 minutes. The slurry (12 parts) was 
added into 100 parts of a solution containing 1 .2% of Fluorolink® D10 (from 
Ausimont) in HT-200 and homogenized at room temperature (10K speed) for 30 
minutes to form a dispersion. The compound 4-(aminomethyl)pyridine (0.3 g) 

20 was added to the dispersion under homogenization. The alcohol was stripped 
off at 80°C and the dispersion was further ultrasonicated for 30 minutes. The 
blue dye FC-3275 (0.8% based on the dispersion) was added to the above 
dispersion and the resultant fluid was evaluated as described in Example 1. 
Results are shown in Table. 1. 
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Table 



1: Dispersion performanc e of example (Examoles4-^ 



Example 



Mean 
Particle 
Size (^m) 



1.8 ±0.9 



Active 
groups on 
particle 
surface 



Pyridine 
groups from 
PVPyBMA 



1.7 + 0.7 



1.8 ±0.8 



1.8 ±0.9 



Pyridine 
groups from 
PVPyBMA 



Soluble CCA in 
the continuous 
phase 



Krytox® 
(Rf-COOH) 



Krytox® 
(Rf-COOH) 



Charge 
of 

Particles 



Contrast 
ratio 



Positive 



Positive 



Pyridine 
groups from 
PVPyBMA 



-COOH 
groups from 
PAA 



Krytox® 
(Rd-COOH) 



Positive 



Rf-amine 
(Mw~1890) 



Negative 



-10 



-15 



-15 



-10 



Switching 
Rate (Hz) 



12 @ 
100v 

2@20v 

1 @10v 



20 @ 
100v 

3@20v 

1 @ 10v 



15 @ 
100v 

2@20v 

1 @10v 



10 @ 
100v 

1 @20v 



1.8 + 0.9 



Pyridine 
groups from 
PVPyBMA 



Insoluble acid, p- 
toluene sulfonic 
acid 



Slight 
Positive 



1.5 



10 



1.8 ±0.9 



-COOH 
from PAA 



Insoluble base, 

4-(aminomethyl) 

pyridine 



Slight 
Negative 



Sam ples 11a and 11b 

3.82 Grams of Desmodur® N3400 aliphatic potyisocyanate (BayerAG) 
and 1 .87 g of Multranol® 9175 (Bayer AG) were dissolved in 4.2 g of MEK 
(methyl ethyl ketone). To the resulting solution, 6.94 g of Ti0 2 R900 (DuPont) 
was added and homogenized for 1 minute at room temperature; 0.013 g of 
dibutyltin dilaurate (Aldrich) was added and homogenized for 2 minutes; 26.70 g 
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of a HT-200 solution containing 0.67 g of Rf-amine4900 (from Example 7) was 
added and homogenized for an additional minute; and the MEK was removed 
by vacuum at room temperature. 

The slurry prepared above was emulsified slowly at room temperature by 
a homogenizer into 30 g of a HT-200 solution containing 0.66 g of Rf- 
amine1900 (from Example 7), 1.3 g of Krytox® 157 FSL, 0.15 g of tris(2- 
aminoethyl)amine (Aldrich) and 0.40 g of 4-(aminomethyl)pyridine (Aldrich). 
The resulting microcapsule dispersion was heated at 80°C for 2 hours with 
stirring to post cure the particles. 

Two EPD fluids containing 1 wt% of perfluorinated Cu phthalocyanine 
dye FC-3275 (from 3M) and 8 wt% solid of the Ti0 2 microcapsules in HT200 
(Example 1 1 a) and in a 4:1 (w/w) mixture of HT200 and ZT1 80 (Example 1 1 b) 
were prepared. Their switching performances in an EPD cell between two ITO 
glass plates (Part No. CG-401N-S215, Delta Technologies, Limited, Stillwater, 
MN) using 35 micron PET films (DuPont, Hopewell,VA) as the spacers are 
given in Table 2. 

Example 12 

The procedure of Example 11 was repeated, except that 4- 
(aminomethyl)-pyridine was replaced with 1-(2-aminoethyl)piperazine (Aldrich). 
Results are shown in Table 2. 

Example 13 

The procedure of Example 1 1 was repeated, except that 4- 
(aminomethyl)-pyridine was replaced by 1-(3-aminopropyI)imidazole (Aldrich). 
Results are shown in Table 2. 

Example 14 (Comparative Example) 

3.4 Grams of a 5% solution of AOT (dioctyl sulfosuccinate, sodium salt, 
from Aldrich) in MEK was added to 50 g of the microcapsule dispersion as 
prepared in Example 12. The dispersion was heated at 80-85°C for 1 hour and 
the residual MEK was removed under vacuum. The EPD fluid was prepared as 
in Example 11a and the switching performances are shown in Table 2 below. 
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Example 1 5 

4 54 Grams of Desmodur® N3400 aliphatic polyisocyanate (from Bayer 
AG) and 0 77 gof l-[N,N-bis(2-hydroxyeth y l)amino]2-propan 0 l (Aldrich) were 
dissolved in 3.74 g of MEK. To the resulting solution, 5.90 g of Ti0 2 R900 
5 (DuPont) was added and homogenized for 2 minutes at 5-10°C; 0.013 g of 
dibutyltin dilaurate (Aldrich) was added and homogenized for another 30 
seconds at 5-10°C; and finally 20 g of a HT-200 solution containing 0.47 g of 
Rf-amine4900 (from Example 7) was added and homogenized for an add.t.ona. 

10 mmUte The slurry prepared above was emulsified slowiy at room temperature by 
ahomogenizerinto36 g of a HT-200 solution containing 0.09 g of Rf- 
amine2000 (from Example 7). 1 .4 g of Krytox® 1 57 FSL, 0.43 g of tns(2- 
aminoethyl)amine and 0.1 5 g of 4-(aminomethyl)pyridine. The resulting 
microcapsule dispersion was heated at 80°C for 3 hours under mechan.cal 

15 stirringtoremoveMEKandpostcurethemicrocapsules. The EPD fluid was 
prepared and evaluated as in Example 11b. The result is given in Table 2. 

Example 16 

4 54 Grams of N3400 aliphatic polyisocyanate (Bayer AG) and 0.77 g of 
UN N-bi S (2-hydroxyethyl)amino]2-pro P anol (Aldrich) were dissolved in 3.74 g 
of MEK To the resulting solution, 5.90 g of TiQ 2 R900 (DuPont) was added 
and homogenized for 2 minutes at 5-10°C; 0.01 3 g of dibutyltin dilaurate 
(Aldrich) was added and homogenized for another 30 seconds at 5-10 C; and 
finally 20 g of a HT-200 solution containing 0.47 g of Rf-amine 4900 (from 
Example 7) was added and homogenized for an additional minute. 

The slurry prepared above was emulsified slowly at room temperature by 
a homogenizer into 36 g of a HT-200 solution containing 0.92 g of Rf-amine350 
(from Example 7), 0.5 g of Krytox® FS1366 and 0.48 g of 1-(2- 
aminoethy.)piperazine. The resulting microcapsule dispersion was heated at 
80°C for 3 hours under mechanical stirring to remove MEK and post cure the 
30 microcapsules. The EPD fluid was prepared and evaluated as in Example 15. 
The result is given in Table 2. 



20 
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Example 17 

4.54 Grams of Desmodur® N3400 aliphatic polyisocyanate (Bayer AG) 
and 0.77 g of 1-[N,N-bis(2-hydroxyethyl)amino]2-propanol (Aldrich) were 
dissolved in 3.74 g of MEK. To the resulting solution, 5.90 g of Ti0 2 R900 

5 (DuPont) was added and homogenized for 2 minutes at 5-10 °C after which 
0.013 g of dibutyltin dilaurate (Aldrich) and 0.2 g of 5% solution of Zr(acac) 4 
(from Aldrich, acac = acetylacetonate) in ethyl acetate were added. The slurry 
was homogenized for another 30 seconds at 5-10 °C after which 20 g of a HT- 
200 solution containing 0.47 g of Rf-amine4900 (from Example 7) was added 

10 and homogenized for an additional minute. 

The slurry prepared above was emulsified slowly at room temperature by 
a homogenizer into 36 g of a HT-200 solution containing 0.92 g of Rf-amine350 
(from Example 7), 0.5 g of Krytox® FS1366 and 0.48 g of 1-(2- 
aminoethyl)piperazine. The resulting microcapsule dispersion was heated at 

15 80°C for 3 hours under mechanical stirring to remove MEK and post cure the 
microcapsules. The EPD fluid was prepared and evaluated as in Example 15. 
The result is given in Table 2. 

Example 18 

20 The procedure of Example 1 7 was repeated except that the 36 g of HT- 

200 solution also contain 0.30 g of zirconium (hexafluoroacetoacetate) 
[Zr(HFA) 4 ] (from Gelest). 

Example 19 (Comparative Example) 

The procedure of Example 17 was repeated except that the Zr(acac) 4 
25 solution was replaced with 0.15 g of 5% AOT solution in MEK. The EPD fluid 
was prepared and evaluated as in Example 15. The result is given in Table 2. 
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Table 2: EPD Performance (Examples 11-19) 



Example 


Mean 
Size (urn) 


Contrast 
Ratio 


Ton @ 

30V 

(msec) 


Toff @ 30 
V (msec) 


Solvent 


11a 


1.6 + 0.7 


35 


330 


280 


HT200 


11b 






120 


110 


HT200/ZT1 80=4/1 


12 


1.5 + 0.8 


10 


100 


100 


HT200 


13 


1.8 + 0.9 


20 


350 


300 


HT200 


14 


1.5 + 0.8 


10 


250 


300 


HT-200 


1 \j 


1 .0 + 0.8 




70 


70 


HT200/ZT1 80=4/1 


16 


1.5 ±0.8 


15 


90 


120 


HT200/ZT1 80=4/1 


17 


1.7 + 0.8 


15 


175 


288 


HT200/ZT1 80=4/1 


18 


1.7 + 0.8 


11 


250 


330 


HT200/ZT1 80=4/1 


19 


1.7 + 0.8 


14 


350 


400 


HT200/ZT1 80=4/1 



Example 20 

68.81 Parts (w/w) of Ti-Pure R706 (DuPont) particles were dispersed in a 
solution comprising 22.12 parts of isobomylmethacrylate, 7.37 parts of 
5 dodecylmethacrylate (both Aldrich) and 1 .7 parts of Disperbyk® 1 42 (BYK 
Chemie) using sonication (Fisher Model 550) with a 1 / 2 inch diameter flat tip for 
15 minutes by applying an on/off pulsed mode at 25°C. To 7.55 parts of the 
above Ti0 2 slurry in a vial 0.03 parts of radical initiator AIBN (VAZ064 from 
DuPont), 0.96 parts of Desmodur® N3400 (Bayer), 0.28 parts of SR399 

10 (multifunctional acrylate from Sartomer), 0.28 parts of HDODA (diacrylate from 
UCB) and 0.1 part of 4-viny!pyridine (Aldrich) were added. The resultant Ti0 2 
dispersion was added drop-wise and emulsified into a solution composed of 
0.64 parts of Krytox® 1 57FSL (DuPont) and 60 parts of Galden HT200 
(Ausimont) at 35°C using a homogenizer (PowerGen® 700) at 7500 rpm. After 

15 1 minute, a solution containing 30 parts of HT200 and 0.1 5 parts of Rf- 
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amine1900 (from Example 7) was added at once into the flask. After 1 hour, 
the flask was purged with argon for 20 minutes and the microcapsule slurry was 
kept at 70°C for 8 hours under argon with stirring at 7500 rpm. The evaluation 
of Example 20 was performed as above and the results are given in Table 3. 

5 Example 21 

64.76 Parts (w/w) Ti-Pure R706 (DuPont) particles were dispersed as in 
Example 17 in a solution containing 23.85 parts of isobornylmethacrylate (from 
Aldrich), 2.1 6 parts of Sartomer® SR399 (from Sartomer), 2.92 parts of HDODA 
(UCB), 4.71 parts of 4-vinylpyridine (Aldrich) and 1.6 parts of Disperbyk® 142 

10 (from BYK Chemie). To 20.59 parts of the above Ti0 2 slurry in a vial, 0.35 
parts of AIBN (VAZ064, DuPont), 5.47 parts of Desmodur® N3400 and 1 .66 
parts of Krytox® 157FSL (DuPont) were added. The resultant Ti0 2 dispersion 
was added drop-wise and emulsified into a solution containing 0.66 parts of Rf- 
amine1900 and 64 parts of Galden HT-200 (Ausimont) at 35°C under high 

15 shear mixing using a PowerGen® 700 spinning at 25,000 rpm. After 1 minute, 
a solution containing 7 parts of Galden HT200 and 0.28 parts of tris(2- 
aminoethyl)amine was added to the dispersion. After four additional minutes, 
the dispersion was transferred from the reactor to an uncapped vial, purged 
with argon for 20 minutes and then capped and shaken at 70°C for 8 hours. 

20 The evaluation of Example 21 was performed as above and the results are 
given in Table 3. 



Table 3: EPP performance of Examples 20-21 



Example 


Mean Size 


Contrast 
Ratio 


Ton @ 30V 
(msec) 


Toff @ 30 V 
(msec) 


20 


2.1 +1.7 


11 


500 


275 


21 


2.8 ±1.2 


12 


325 


140 



Example 22 

25 18.2 Grams Ti02 R900 (DuPont) was added to a solution consisting of 

10.9 g of MEK, 12.6 g of N3400 aliphatic polyisocyanate (Bayer AG) and 2.0 g 
of 1-[N,N-bis(2-hydroxyethyl)amino]-2-propanol (Aldrich). The resultant slurry 
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was homogenized for 1 minute at 5-10°C; 0.02 g of dibutyltin dilaurate (Aldrich) 
was added and homogenized for an additional minute; and finally a solution 
containing 55 g of HT-200 and 1.4 g of Rf-amine4900 (from Example 7) was 
added and homogenized again for 3 more minutes at room temperature. 

5 The slurry prepared above was added slowly over 10 minutes at room 

temperature under homogenization into a mixture containing 95 g of. HT-200, 
1.8 g of Rf-amine2000 (from Example 7) and 3.24 g of Rf-amine350 (from 
Example 7). The resultant microcapsule dispersion was kept stirring under low 
shear by a mechanical stirrer at 35°C for 30 minutes and then at 85°C for 3 

10 hours to remove MEK and post cure the microcapsules. 

The microcapsule dispersion showed a narrow particle size distribution 
ranging from 0.5-3.5 microns. The microcapsules were separated by 
centrifuge, diluted and redispersed in HT-200. The EPD fluid was prepared and 
evaluated as in Example 11a except the ITO plates were precoated with a 5 

1 5 micron polystyrene layer. A contrast ratio of about 20 at 85V and a T to t of 1 0 
msec were observed wherein T to t is the sum of T on (time on) and T G ff (time off). 
The performance is satisfactory even after prolonged switching cycles. 

Example 23 

5.9 Grams of Ti02 R900 (DuPont) was added to a solution consisting of 
20 3.77 g of MEK, 4.54 g of N3400 aliphatic polyisocyanate (Bayer AG) and 0.77 g 
of 1-[N,N-bis(2-hydroxyethyl)amino]-2-propanol (Aldrich). The resultant slurry 
was homogenized for 1 minute at 5-10 °C; 0.01 g of dibutyltin dilaurate (Aldrich) 
was added and homogenized for an additional minute; and finally a solution 
containing 20 g of HT-200 and 0.47 g of Rf-amine4900 (from Example 7) was 
25 added and homogenized again for 3 more minutes at room temperature. 

The slurry prepared above was added slowly over 5 minutes at room 
temperature under homogenization into a mixture containing 31 g of HT-200 
and 2.28g of Rf-amine650 (from Example 7). The resultant microcapsule 
dispersion was stirred under low shear by a mechanical stirrer at 35°C for 30 
30 minutes, then heated to 85°C to remove MEK and post cure the internal phase 
for three hours. 
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The dispersion showed a narrow particle size distribution ranging from 
0.5-3.5 microns. The microcapsules were separated by centrifuge, diluted and 
redispersed in HT-200. The EPD fluid was prepared and evaluated as in 
Example 1 1 a except the ITO plates were precoated with a 5 micron polystyrene 
5 layer. A contrast ratio of about 20 at 85V and a T to t of 1 0 msec were observed. 
The performance is satisfactory even after prolonged switching cycles. 

It can be seen from the above examples that the novel electrophoretic 
dispersion has resulted in significant improvements in switching rate, rising 
time, falling time and contrast ratio of the display. The novel electrophoretic 

10 dispersions also showed a significantly better dispersion stability and less 
particle deposition on the electrodes after prolonged switching cycles. 

While the present invention has been described with reference to the 
specific embodiments thereof, it should be understood by those skilled in the art 
that various changes may be made and equivalents may be substituted without 

15 departing from the true spirit and scope of the invention. In addition, many 
modifications may be made to adapt a particular situation, materials, 
compositions, processes, process step or steps, to the objective, spirit and 
scope of the present invention. All such modifications are intended to be within 
the scope of the claims appended hereto. 

20 It is therefore wished that this invention to be defined by the scope of the 

appended claims as broadly as the prior art will permit, and in view of the 
specification. 
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WHAT IS CLAIMED IS : 

1 . An electrophoretic dispersion comprising a fiuorinated solvent as 
the continuous phase, charged pigment particles or pigment containing 
microcapsules as the dispersed phase and a charge controlling agent which 

5 comprises: 

(i) a soluble fiuorinated electron accepting or proton donating 
compound or polymer in the continuous phase and an electron 
donating or proton accepting compound or polymer in the 
dispersed phase; or 

10 (ii) a soluble fiuorinated electron donating or proton accepting 

compound or polymer in the continuous phase and an electron 
accepting or proton donating compound or polymer in the 
dispersed phase. 

2. . The dispersion of Claim 1 wherein said fiuorinated solvent has a 
15 dielectric constant of 1 .7 to 30. 

3. The dispersion of Claim 2 wherein said fiuorinated solvent has a 
dielectric constant of 1 .7 to 5. 

4. The dispersion of Claim 1 wherein said fiuorinated solvent is a 
solvent or solvent mixture of perfluoroalkane, perfluorocycloalkane, 

20 perfluoroarylalkane, perfluoro-tert-amine, perfluoropolyether, 
hydrofluoropolyether.. 

5. The dispersion of Claim 4 wherein said fiuorinated solvent is FC- 
43 or FC-70. 

6. The dispersion of Claim 5 wherein said fiuorinated solvent is a 
25 perfluoropolyether or hydrofluoropolyether. 

7. The dispersion of Claim 6 wherein said fiuorinated solvent is 
Ausimont HT-170, HT-200, HT-230, ZT-180. Dupont K-6 or K7. 
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8. The dispersion of Claim 1 wherein said fluorinated solvent is a 
polymer or oligomer having a molecular weight less than 50,000, preferably less 
than 20,000. 

9. The dispersion of Claim 8 wherein said fluorinated solvent is 
5 poly(perfluoropropylene oxide) or poly(chlorotrifluoroethylene). 

10. The dispersion of Claim 1 wherein said electron accepting or 
proton donating compound or polymer is selected from a group consisting of 
alkyl, aryl, arylalkyl or alkylaryl carboxylic acids and salts thereof, alkyl, aryl, 
arylalkyl or alkylaryl sulfonic acids and salts thereof, tetra-alkylammonium and 

10 other alkylaryl ammonium salts, pyridinium salts and their alkyl, aryl, alkylaryl or 
arylalkyl derivatives, sulfonamides, perfluoroamides, alcohols, phenols, salicylic 
acids and salts thereof, acrylic acid, sulfoethyl methacrylate, styrene sulfonic 
acid, itaconic acid, maleic acid, hydrogen hexafluorophosphate, hydrogen 
hexafluoroantimonate, hydrogen tetrafluoroborate, hydrogen 

15 hexafluoroarsenate (V) and organometallic compounds or complexes 
containing an electron deficient metal group. 

1 1 . The dispersion of Claim 1 0 wherein said electron deficient metal 
group is tin, zinc, magnesium, copper, aluminum, chromium, titanium, cobalt, or 
zirconium. 

20 1 2. The dispersion of Claim 1 1 wherein said electron deficient metal 

group is copper, aluminum, titanium or zirconium. 

13. The dispersion of Claim 12 wherein said electron deficient metal 
group is zirconium or copper. 

14. The dispersion of Claim 1 wherein said electron accepting or 
25 proton donating compound or polymer is a protonated polyvinylpyridine 

copolymer or quarternium salts thereof. 

15. The dispersion of Claim 1 wherein said electron accepting or 
proton donating compound or polymer is zirconium (tetraacetoacetate). 
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16. The dispersion of Claim 1 wherein said electron donating or 
proton accepting compound or polymer is selected from a group consisting of 
amines, pyridines, guanidines, ureas, thioureas, imidazoles, tetraarylborate and 
the alkyl, aryl, alkylary or arylalkyl derivatives thereof. 

5 17. The dispersion of Claim 1 6 wherein said electron donating or 

proton accepting compound or polymer is a copolymer of 2-vinyl pyridine, 4- 
vinyl pyridine or 2-N,N-dimethylaminoethyl acrylate or methacrylate with 
styrene, alkyl acrylates or methacrylates, aryl acrylates or methacrylates. 

1 8. The dispersion of Claim 1 7 wherein said electron donating or 
10 proton accepting compound or polymer is poly(4-vinylpyridine-co-styrene), 

po!y(4-vinlypyridine-co-methyi methacrylate) or poly(4-vinlypyridine-co-butyl 
methacrylate). 

19. The dispersion of Claim 16 wherein said amine is a tert-amine or 
tert-aniline. 

15 20. The dispersion of Claim 1 wherein said fluorinated electron 

accepting or proton donating compound or polymer is selected from a group 
consisting of fluorinated alkyl, aryl, alkylaryl or arylalkyl carboxylic acids, 
fluorinated alkyl, aryl, alkylaryl or arylalkyl sulfonic acids, fluorinated 
sulfonamides, fluorinated carboxamides, fluorinated alcohols, fluorinated ether 

20 alcohols, fluorinated phenols, fluorinated salicylic acids, fluorinated pyridinium 
salts or quaterium ammonium salts, hydrogen tetrafluoroborate, hydrogen 
hexafluorophosphate, hydrogen hexafluoroantimonate, hydrogen 
hexafluoroarsenate (V), fluorinated organometallic compounds or fluorinated 
complexes containing an electron deficient metal group. 

25 21 . The dispersion of Claim 20 wherein said electron deficient metal 

group is tin, zinc, magnesium, copper, cobalt, aluminum, chromium, titanium or 
zirconium. 
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22. The dispersion of Claim 20 wherein said electron accepting or 
proton donating compound or polymer is a metal perfluoroacetoacetonate, a 
fluorinated quinolinol metal complex or a metal phthalocyanine. 

23. The dispersion of Claim 22 wherein said metal 

5 perfluoroacetoacetonate is zirconium or copper perfluoroacetoacetonate. 

24. The dispersion of Claim 22 wherein said fluorinated quinolinol 
metal complex is fluorinated quinolinol Al complexes. 

25. The dispersion of Claim 22 wherein said metal phthalocyanine is 
copper, zinc or magnesium phthalocyanine. 

10 26. The dispersion of Claim 20 wherein said fluorinated electron 

accepting or proton donating compound or polymer is a perfluorocarboxylic 
acid. 

27. The dispersion of Claim 26 wherein said fluorinated electron 
accepting or proton donating compound or polymer is Krytox® 157 FSL, 

15 Krytox® 157 FSM or Krytox® 157 FSH. 

28. The dispersion of Claim 1 wherein said fluorinated electron 
donating or proton accepting compound or polymer is selected from a group 
consisting of fluorinated amines, fluorinated pyridines, fluorinated alkyl or aryl 
guanidines, fluorinated ureas, fluorinated thioureas, fluorinated tetraborates and 

20 derivatives thereof. 

29. The dispersion of Claim 28 wherein said fluorinated amine is a 
fluorinated tert-amine or tert-aniline. 

30. The dispersion of Claim 29 wherein said fluorinated amine is a 
derivative of a perfluoropolyether. 

25 31 . The dispersion of Claim 30 wherein said fluorinated amine is a 

precondensate of a multifunctional amine and a perfluoropolyether methyl ester 
or perfluoropolyether isocyanate. 
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32. The dispersion of Claim 1 wherein each of the proton acceptor 
and the fluorinated proton donor of (i) or the proton donor and the fluorinated 
proton acceptor of (ii) is present in the amount of 0.05 to 30 weight percent of 
the pigment particles or pigment containing microcapsules. 

5 33. The dispersion of Claim 32 wherein each of the proton acceptor 

and the fluorinated proton donor of (i) or the proton donor and the fluorinated 
proton acceptor of (ii) is present in the amount of 0.5 to 15 weight percent of the 
pigment particles or pigment containing microcapsules. 

34. The dispersion of Claim 1 wherein said dispersed phase 

10 comprises pigment particles microencapsulated or coated with a polymer 
matrix. 

35. The dispersion of Claim 34 wherein said microencapsulated or 
coated pigment particles are prepared by interfacial or in-situ 
polymerization/crosslinking reactions using reactive charge controlling agents. 

15 36. The dispersion of Claim 35 wherein said reactive charge 

controlling agent is selected from a group consisting of electron donating or 
proton accepting or electron accepting or proton donating compounds or 
polymers, having at least one reactive moiety. 

37. The dispersion of Claim 36 wherein said reactive charge 
20 controlling agent contains at least a reactive functional moiety selected from the 
group consisting of unsaturated double bonds such as vinyls, dienes, acrylates 
or methacrylates, primary or secondary amines, anilines, ureas, thioureas, 
alcohols, thiols, isocyanates, thioisocyanates, imines, epoxides, acid anhydrides, 
acid chlorides and chloroformates. 

25 38. The dispersion of Claim 34 wherein said microcapsules are 

prepared by microencapsulation involving in-s/fu radical polymerization with 
reactive charge controlling agents having unsaturated double bonds. 

39. The dispersion of Claim 38 wherein said reactive charge 
controlling agent is 2-vinyl pyridine, 4-vinylpyridine, N,N-dimethylaminoethyl 
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acrylate, methacrylic acid, acrylic acid, styrene sulfonic acid, itaconic acid, 
maleic acid or their salts, and derivatives and co-polymers thereof. 

40. The dispersion of Claim 34 wherein said microcapsules are 
prepared by microencapsulation involving in-situ condensation polymerization 

5 or crosslinking with reactive charge controlling agents. 

41 . The dispersion of Claim 40 wherein said reactive charge 
controlling agent is triethanolamine, diethanolaniline, 1-[N,N-bis(2- 
hydroxyethyl)amino]-2-propanol, tris-(2-aminoethyl)amine, N,N-(2- 
hydroxyethyl)ani!ine, N,N,N\N -tetrakis(2-hydroxypropyl)ethy!enediamine, 

10 N,N,N',N'-tetrakis(2-hydroxyethyl)ethylenediamine and their derivatives. 

42. The dispersion of Claim 34 wherein said microcapsules are 
prepared by microencapsulation involving interfacial polymerization or 
crosslinking with reactive charge controlling agents. 

43. The dispersion of Claim 42 wherein said reactive charge 

15 controlling agent is 4-aminomethyl pyridine, 1-(2-aminoethyl) piperazine, 1-(3- 
aminopropyl) imidazole or sulfonated polyisocyanates or a salt thereof. 

44. The dispersion of Claim 35 wherein said reactive charge 
controlling agent is a fluorinated reactive electron accepting or proton donating 
or electron donating or proton accepting compound or polymer having at least 

20 one reactive functional moiety selected from a group consisting of thiol, 

hydroxy, amide, primary and secondary amine or aniline, urea, thiourea, imine, 
isocyanate, thioisocyanate, epoxide, silane, acid anhydride, acid chloride and 
chloroformate, and unsaturated double bonds such as vinyls, dienes, acrylates 
and methacrylates. 

25 45. The dispersion of Claim 44 wherein said reactive functional moiety 

is amine, hydroxy, thiol, isocyanate or thioisocyanate. 

46. The dispersion of Claim 44 wherein said reactive charge 
controlling agent is perfluorinated. 
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47. The dispersion of Claim 34 wherein said microcapsules are 
prepared by microencapsulation involving an interfacial polymerization or 
crosslinking reaction with reactive charge controlling agents followed by solvent 
evaporation or an in-situ polymerization or crosslinking reaction in the internal 

5 phase to harden the microcapsules. 

48. An electrophoretic display which comprises: 

(a) a top layer and a bottom layer, at least one of which is 
transparent, 

(b) an array of cells sandwiched between the two layers and 
the cells are filled with an electrophoretic dispersion, which 
dispersion comprises a fluorinated solvent as the 
continuous phase, charged pigment particles as the 
dispersed phase, and a charge controlling agent which 
comprises: 

(i) a soluble fluorinated electron accepting or proton 
donating compound or polymer in the continuous 
phase and an electron donating or proton accepting 
compound or polymer in the dispersed phase; or 

(ii) a soluble fluorinated electron donating or proton 
accepting compound or polymer in the continuous 
phase and an electron accepting or proton donating 
compound or polymer in the dispersed phase. 

49. The electrophoretic display of Claim 47 wherein said cells are 
prepared from microcups and are individually sealed with a polymeric sealing 

25 layer. 

50. The electrophoretic display of Claim 47 wherein said cells are 
microcapsules. 

51 . The electrophoretic display of Claim 47 wherein both the top and 
bottom layers are electrode plates and said display has the traditional up/down 

30 . switching mode. 
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10 



15 



20 



52. The electrophoretic display of Claim 47 wherein one of the top 
and bottom layers is an electrode plate and the other is an insulator layer and 
said display has the in-plane switching mode. 

53. The electrophoretic display of Claim 47 wherein both the top and 
bottom layers are electrode plates and said display has the dual-switching 
mode. 

54. The dispersion of Claim 1 wherein said charge controlling agent 
has said soluble fluorinated electron accepting or proton donating compound or 
polymer and said electron donating or proton accepting compound or polymer 
of (i), or said soluble fluorinated electron donating or proton accepting 
compound or polymer, and said electron accepting or proton donating 
compound or polymer of (ii) in the same molecule. 

55. The dispersion of Claim 54 wherein the charge controlling agent is 
a condensate product prepared from perfluoroester and tris(2- 
aminoethyl)amine, 1-[N,N-bis(2-hydroxyethyl)amino]2-propanol or their 
derivatives 

56. The dispersion of Claim 54 wherein said same molecule is 
covalently linked to the particles in the dispersed phase. 

57. An electrophoretic dispersion comprising a fluorinated solvent as 
the continuous phase, charged pigment particles or pigment containing 
microcapsules as the dispersed phase and a charge controlling agent 
comprising soluble fluorinated donor/acceptor moiety and a complementary 
acceptor/donor moiety in the same molecule wherein said fluorinated 
donor/acceptor moiety is compatible with the continuous phase and the 
complementary acceptor/donor moiety is incompatible with the continuous 



phase. 
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